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fho  object  of  this  work  is  to  find  means  oi"  ^creas'’ng  danping 
in  the  joints  of  s  structure,-  sinilar  to  a  riveted  structure  by  the 
use  of  plastic  iixsorts  in  the  joints. 


Information  on  the  effect  of  pressure  cabin  sealing  and  the 
adoption  of  spot-v/elded  or  Redu^  welding  construction  is  also  given. 

Snis  report  discusses  the  operation  of  an  insert,,  the  properties 
called  for  in  service  and  recaiifflonds  four  suitable  materials  for 
further  tests. 

i'ho  apparatus  used  to  caapare  the  daapirig  of  inserts  made  from 
a  neaibcf  of  different  materials  is  described?  fl.c  effect  of  thidaiess 
of  insert  on  damping  has  been  investigated  and  the  variation  of 
damping  with  temperature  has  been  obtained  beti/een  -25®  and'  +25°C.  for 
the.  laate^al  Poly-isoTbutelcno., 

Conclusions 

These  investigations  show  iidv/,,.  by  mejuis  of  an  insert  of  Foly?-isor 
bttteleno,  it  is  possible  to  increase  the  damping  of  a  riveted  structure* 

For  vibration  at  a  frequency  of  ^6  cycles  per  second  the  damping  is 
increased  200fi  for  a  msannum  dynamic  stress  in  the  test  specimen  of 
70  Ib./sq.in.' 

For  stresses  higher  than  thi,t  but  within  the  elastic  range  of 

-iA-4a®EWgJfta,y..r.easpixaoly-.bc>-e)q5ectnA..-~--  ^  - 


A  means  of  joining  metal  plates  by  the  dasoz'tion  of  thermo-plastic, 
which  is  fused  by  t}ie  application  of  heat  and  pressure. 


MeiiiHEi 


'  Specimana  vdth  Poly^iso-'tutelenc  should  he  given  extensive  fatigue 
tests  and  if  satisfactory  a  trial  of  this  fonn  of  construction  should  he 
liade  in  the  ‘Construction  of  a  separate  tail  plane  unit  or  similar  part 
of  on  aircraft. 
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1‘  Introduction 

Ihe  Yfork  on  dancing  described  here  has  been  undertaken  as  a  result 
of  the  conclusions  reached  by  previous  investigators C^)  and  suggestions 
made  by  S/4idr.  Vf.Pissdon  for  the  introduction  of  ^tificiai  damping 
into  aircraft  structures. 

Previously,  however,  it  had  been  stated  by  Walkei*(^)  that  the 
damping  capacity  of  an  yiircraft  sti’ucture  was  twenty  or  more  times  that 
of  the  oonstituoht  material,  due  to  friction  at  joints  and  other  effects. 

As  little  is  knovai  of  the  behaviour  during  rubbing  at  the  joints  of 
components  used,  in  aircraft  structures  comparative  measurements  of 
damping  have  been  carried  out  on  laminated  beams. 

2  Discussion  of  Joints  in  Aircicft  Structures 

Eor  a  beam  formed  of  two  horizontal  strips  and  subjected  to  forced 
vibration  so  that  it  bends  in  the  vertical  plane,  the  amount  of. slip 
at  the  interfaces  decreases  vdth  increasing  picssvire,  but  the  ehergj’' 
dissipated  by  friction  roaches  a  maximum  value  at  seme  intermediato 
pressure  between  the  two  limiting  conditions  of  no  slip  and  zero  pressure. 
This  as  dealt  vdth  more  fully  in  ihe  -appenddjc,.  V7here  it  is  demonstrated 
that  small  variations  in  rivetapressure  that  would  be  ejected  batv/een^ 
specimens  at  the  lap.  joints  of  an  aircraft  produce  negligible  changes  in 
damping,  and  for  this  reaspn  no  great  error  is  likely  to  have  been 
introduced  by  dravdng  oonclusioi^  fro.m  single  test  speciiaens  of  the 
various  tj^os.. 

2.1  Ohoioe  of  Insert 

It  has  been  found  possible  to  increase  the  tonping  of  laminated 
beams  by  the  use  of  inserts  of  materials  vdth  high  internal  dampij^,'  such 
as  fabiics,.  rubbers,  cements,  sealing  compounds  and  a^osives,.  Values 
of  the  damping  capacity  for  various  materials  are  given  in  Tables  I>  11" 
and  III  and  some  of  these  mateidais  have  boon  selected,  for  further  tests 
in  tubular  specimens,  (llgiio)  taken  to  represent  a  monccoque  aircraft 
structure. 

Examimtion  of  a  number  of  aircraft  xdveted  joints  of  which  iypical 
cross-sections  are  shov/n-  in  Pigs.  11  and  12,  reveals  the  existence  of 
gaps  which  in  a  metalrto-me.toi  lap  joint  (pigiil)  vary  from  0.0  to 
0. 0C6  in  or  in  a  joint  sealed  with  compound  ,(Pig;12)j  f^em  0. 007  to 
0.63  in.  The  inserts  recommended,  are  sheets  less  than  0.  OO6  int  thick 
yOf  Pciytriso^utelene,,  Poly-Yvinylrctdoiddej,  polythene  or  Nylon  fabric  or 
a  solution  of  Polyrvinyl,-acctatei 

The  choice  of  a  laatorial  for  inserting  in  the  skin  joints  of  a  v/iJig 
and  fuselage  is  governed  L;y  the  f ollovdng  properties : 

,  Resistance  to  fatigue, 

;  lack  of  hygroscopy? 

Resistance  to  corrosion;-  ■  .  ■ 

Preedcam  fi’da  attack  from -prgani.c,  natter. i 

Retention  of  properties  vdth  age. 

.  ;  •  ••  ^4“ 
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Consiatanoy  of  properties  at  tenperaturea  between  ICOOO.  and  -2(.0°0. 

Laoi:  of  ci-oep. 

The  natorials  Poly-iso-butolono,  Pol5'-vinyl-chlor:i.dQ,  Polj^hene, 
Nylon  fabric  or  a  solution  of  Poly-vinjfl-aoctato  arc  considered  to  have 
suitable  properties  though  the  prcblen  of  fatigue  has  not  been  fully 
investigated  (see  para.  if. 5). 

2.2  Electrical  Insulation 

As  the  high  insulating  property  of  those  plastics  provides  no 
leakage  for  an  electric  charge  v.’hich  bo  induced  care  should  be  taken 
to  see  that  all  parts  are  earthed. 

2.5  v/eldvd  Construction 

The  daiapiJig  capacity  of  a  tubular  specimen  of  spot-welded  con¬ 
struction,  similar  in  other  respects  to  that  shoavi  in  Pig.  10  v/as 
-measured  and  found  to  be  appi'oximataly  8C^  greater  than-  that  of  riveted 
construction. 

,  The  use  of  Redux  welding  (i.e.  insertion- of  thermo-plastic  betrfoen 
tho  plates  at  the  joint  and  -fusion  by  moans  of  heat  £uid  prossux'e)  in 
place  of  bolts  in  laminatod- beam  1  (para.4)  has  reduced  -the  damping 
'  papaci'ty  by  7^^. 

2. if  Pr^assure  Sealing  Compound 

The  influence  of  pressure  sealing  .expound  applied  to  the  exterior 
of  beajd'  1  v/as  to  increase  the  damping  Z^Cf/o, 

3  Tubular  Test  Specimens 

3'.1  Description  of  Test  on  .Tubulaf-  Specimens 

Tubular  specimens,-  approximately  5,5  ins;  diem,  ^d  5  long, 
were  made  of  22  s.yr.g.- dural  sheets  with  seams  riveted- or  spot  v/elded 
vdth  two  runs  in.  apart,  in,  pitch  along  circumferential  seams  and 
t  iP,- pi^  aioNS  longitudinal  seems  (Pig.ioX. 

The  tube  was  simply  supported  across  a  horizontal  diemster  at  each 
end  on  ball  bearings  to  give  minimuin  friction  at  the  supports. 

The  specimen  v/as  vibrated  in  its  fundmehtal  mode  by  attaching  a 
linear  -^brator  as  shov/n  in  photograph:;  the  out  of  balance  being 
adjustable  'in  steps.  The  resonanpe  li-equency  was  pontrblied  by  adding- 
lead  v/eights  at  the  oehtre;;of  the  tube;,' 

The  maximum  static  stre’ss  in.  deflected  position  in  the  specimens 
vvas  about  80  ib./sd-ih..  ai^  the  internal  datiiping  In  the  material  was 
negligible; 


-The  ar^litudes  at  the  centre  of  the  .specimen  were  measured  vdth  an 
ci^reht,  piickrup'.'^.'  vdth  associated  circuits  deflecting  the 
be^  of  a -cathode  ray  tube,,  and  the  resonance  curve  of  amplitude  against 
freguehey  v/as  plotted^  as  shown -in  Pig;  1;,  The  damping  capacity  v/ag 
obtained,  by  grapiiical  means  and  -denoted  as  a  diinensdonless  coefficient 
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f  landing  coefficient 
Dauraii^  capacily  - - ^ ^ - - 

\  Critical  value  of  coefficient 


2If  ’ 


~?herc-  AH  (AS  in  Pig.!)  is  the  frequency  spi'cad  at  an  cnrolitude  m/2 
of  that  at  resonance  and  H  is  the  frequency  at  resonance. 

-Values  \rare  also  obtained  from  amplitudes  BBosured  at  resonance 
and  wore  denoted 


Damping  captcily 


%c  00 


.  1  ^  ^ 

2  m  '  2Co 


v/here  n  is  the  equivalent  mass  at  the  centre, 
the  applied  harmonic  force. 

Xj,  the  maximum  amplitude  at  the  point  of  applicp'ion  of  the 
force. 

the  frequency  at  maximum  onplitude. 

3.3  Hote  on  Units 

“i 

Damping  capacity  =  relative  dan^aing  X  2  5!  * 

=  logai'ithaio  decrement  ^  -f; 

3.4.  Results 


A  c\u^o  representing  the  d»4nwing  of  a  riveted  tubular  specimen  at 
frequencies  betaroen  24  c.p.s.:  and  40  c.p.s.  is  shovm  in  Pig. 2.  At  the 

low  frequencies  it  uas  possible  to  bike  readings  at  ajiplitudes  beinreen 
0i0025  and  O^.Oi^  in;  the  danping  was  independent  of  aiplitude.  A 
siniiiar  curve  for  a  tubular  specimen  aith  a  O.  OO6  in.  thick  coat  of 
poly-iscrbutolenp  painted  on  the  joints  before  assembling,  shov/s  that, 
by  this  means,  the  damping  can  be  increased  bet^veen  ICO  and  when 
tha  amplitude  is  0. 0025  iiis.  and  a  ^jreator  amount  when  the  a^litude 
is  O.Ow  in,.  With  an  insert  of  0,  006  in.  thick  poly- vinyl-chloride 
the  damping,  v/as  raised  uniformly  7^4, 

Pdr  a  -given  excitation,,  the  anplitudo  at  resonaree  vri.ll  be  inversely 
proportional  to  the  dsoeping.  • 

She  darping  of  a  Bostik  insert  is  also  given  in  Fig.-  2,.  but  above 
30  d.p.s..  the  results  were  inconsistent  and  it  is  thought  that  they 
could  not  bo  repeated  -.vith  certainty  on  account  of  fatigue  and  recovery 
effects.  -  - 

4  losts  on  Daminatod  Beam  1 

—  J!<l-^?^“thq-4'rtOBt  ..ef f^o.ttye^drtmping.-.sna.ton.i  in«oKts-.bavw. 

been  tested  in  a  laminated  beam  . made  of  two  steel  strips  40  in.  x  3  in. 

X  15  s.-w.g.,  held  together' by  equally  spaced  6  BiA.  bolts  tightened  to 
a.kno^vis  torque.. 

Ihis  beam  vyas  suspended  flexibly  at  the  nodes  and  excited,  in  the 
fimtoontal  node  by  a  linear  vertical  vibrator  placed  at  one  end. 

6,  a,  M 
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Scsoiuajoa  ourvos  ivore.  obtained  £rcn  the  ciigilitudes  at  tho  vibrator 
xiiich  OT5N  Boratohsd  dircctls"  on  to  waxed  paper, 

2ho  rcBVilts  of  tiicso  testa  ore  tjiven  In  Isblo  I  and  indicated  that 
Bostik  C  and  Poly-iac-'butclone  v/ere  saitoblo  for  further  testing, 

4,1  Ltolnatod  Betua  1  wath  P.I.B.  Insert 

By  using  a  solid  be;a,a  i  t  has  been  eat.'aatel  that  tlie  internal 
denping  of  the  r.»tal  and  the  external  dexoing  of  che  air,  supports  and 
attachnents  nakes  ®/Cq  =  0.0015;  taking  this  into  account  it  vail  be 

soon  that  the  P.I.B.'  insert  irrrcaows  the  dar^^iing  beyond  that  of  the 
retal-to-ajtal  beans  about  2C0/a  fox*  an  insert  0.003  thick  and  about 
1}.0C^  when  it  is  0.  OOS  in,  thick. 


Since  there  is  a  aeall  variation  in  a2j:^ing  \iith  eraplitude  other 
nGa3ui'ex'.ont3  on  'tliis  bean  -.rare  taken  at  approxinataiy  the  sons  naxin’m 
anplitude. 


4,2  Variation  of  Dsnping  of  P.I.B.  Inser"  v/ith  Tenporature 


Iho  variation  in  da,-a>ing  with  ten^jefat'ere  has  been  ncasured  betaTOon 
-25°p'.  ard  25°0.,  the  vrork  at  lower  tenperaturoo  being  done  in  a  coid 
fchonber. 


At  lov/or  tonperaturos  the  stiffness  of  P.I.B.  increases  which  is 
Gho\m  by  the  rise  in  resonance  frequency:  and  in  this  region  the 
dancing  capacity  is  reduced.  The  renoining  properties  of  the  iratcrial 
are  not  affected  by  reduction  to  and  on  to  nomol  teapert 

aturcs  recovery  is  ocnpleto, 

4,3  Patigue  le.st 

.  Ihero  was  no  change,  in  the  deriving  propertloo  of  Poly-iscrbutelcno 
after  continuous  vibration,  in  Beam  1  for  3  sours  v/hioh  gave  264,000 
reversals. 


5  yest.s  in  loninatsd-Bean-2  j- 

Bean  1  vias  rbplap^u.  by  bean  2,  v^hich  consisted  of  two  dur^  sheets, 
one  26  in.,  x  3  in.  x  22  Oivag.,  the  other  26  in.,  x  3  iu.  x  io  s.vagv 
boitcii  together  with  23  6  B.A.  bolts  to  obtain  sindlar  pressure  on  the 
inserts  as  that  obtained  va'th  riveted  joints.  loble  II  gives  the 
results  of  testing  a  nuriber  of  nateria3.s  in-  this  beam  v/hfle  it  was 
vibrated  in  its  second,  natural  'vith  three  nodes)  suspended 

flexibly  at  its  outer  nodes.  In.pig.-S  is  ploH'si  the  damping..capacity 
of.  a  . number  of  materi£d.'s  of  varlou.s  thicknesses' which  shovra  a  general 
tcndoncy  to  increase  'wi'i^  thiokiiess  for  thicknesses  above  0..(IL0  ins.  ' 

-Assuming  an  equivalent  cross-scction  and  obtaining  the  radi\;s  of 
curva-ture  for  the  oontral  sections  of  the  beam  frara  the  aji^jlitudes  r 

mcaa\ircd  at  several  points,  the  maxima  teavel  at  the  faces  of  an  ir^ort  ^ ' 
0iC06  in.-  thick  h^^  'been_j:.sttoatj?d.aji.,fl.X^3^ins.„--  j^e.thef„this.-causeB. 
slip,  shear  strair  Or  bo-tfi  is  not  knovm,  but  where  .the  thickness  of  I 

insert  appfoc^h  the  same  order  of  magnitude  as  the  relative  movement 
be.tvvoen- plates> -  the  dan5)ing  iriC.xeasos  sharply  particularly. for  the 
theCTO-plastics.  "Ihc  cesaparatively  high  danroijjg  of  the  two  adhesives, 
6ellobohd-i653  and  ir^iso-buteieno  is.  thought  to  be  due  to  peneteation  >7 

.^ound'.the  bolts.-  ?he  damping  properties  of  thormorplastics  are  • 

dependen't  on  the  use  of  Afferent  plasticisers  and  it  is  necessary  to  t 

take  this  into  account  v/hen  ccqparing  their  properties.  ■  ; 
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6  Stiffnons  and  Stronr.th  of  Jointo  ATith  Inserts 

JiiolcidnE  tho  Bpocinoils  shorm  ia  Pig.'f,  static  tensile  tests  -.Toro 
node!  on  riveted  spccinens  ■vith  and  \Tithout  inserts  to  detomino  the 
stif f dues  and  slnrenEth.  Smo  tjipiocl  results  of  those  teats,  are 
given  in  3is.  8,  the  diffoionoo  in  stiffness  vdth  and  without  inserts  is  . 
negiif^blo. 

Attes^ta  to  neasuro  tlic  hysteresis  loss  \rith  tMs  specimen  were 
inconsistent  and  are  not  quoted:  but  inconsistency  nay  bo  due  to  its 
being  dependent  on  tJie  rate  of  loading  which  vfas  not  closciy  controlled. 

7  Pressure-cabin  Soaling  Genpounds 

Tlio  incieosc  in  darrping  capacity  duo  to  extoxnal  application  of  a 
pressure  cabin  scaling  ccnpouiid  "Solufix  10"  is  shown  at  the  botton  of 
table  I  to  bo  lQ6/i. 

8  Redux  v/cldinu 

A  bcaiA  of  -tgpo  1,  in  wliich  the  layers  wore  not  bolted  but  welded 
Redw;  was  found  to  have  a  dosping  capacity  0.002  ^■jhich  is  ^  that 
of  the  sar.'.e  bean  bolted  together.  The  daK5)ing  capacity'’  of  bean  II 
v/as  sinilar  to  bean  1  v/ith  no  insert. 

9  Conclusion 


These  investigations  show  that  by  means  of  an  insert  of  Poly-iso- 
buteleno  between  O.CWS  aM  0.008  in.  thick,  it  is  possible  to  increase 
the  dating  of  a  riveted  structure,  Tbr  vibration  at  a  firequenej'’  of 
36  o.p.s.  the  damping  increased  by  200^  for  a  maxisiura  dynamic  stress 
m  the  test  specimen  of  70  lb,  per  sq.in.  For  stresses  higher  than 
tJds'  value  but  vdthin  the  elastic  stress  range  of  the  structure  a 
larger'  increase  in  dasping  may  i-easonably  be  expected. 

10-  Reo emendations  .for  Future  VTork 

The  damping  of  aircraft  quoted  in  Table  III  is  greater  than  that  of 
the  tubes  because  the  specimen  did  not  represent  the  secondary  structure 
and  equipment  of  an  aircraft. 

It  is  recommended  therefore  that  further  tests  be  carried  out  on  a 
representative  part  of  an  aircraft  structure  (e.g.  tail  plane  assernbly) 
irnceporating  the  appropriate  insert  at  the  joints. 

iFprovements  y/ould  be  obtained  in  the  tubular  test  specimens  by 
constieining  outer  ring  of  the  bail  race  in  vertical  direction  and  by 
making  the  dioKicters  a-fc  the  two  ends  of  the  specimen  equal  ttoou^  a 
more  syraetrical  arrangement  of  the  diameters  of  the  qraiponent  sections. 
The  present  arrangement  introduces  a  slight  axial  pitching  movement  of 
the  lead  wights  introducing  coupling  in  the  modes  ,of  ■vibration  and 
slight  errors’’in  estimation  of  iraut  energies  at  certain  freguencies. 

,  _  Jv®y_di%wbpancy4>et>'/qen  t.u'bfts-.and.  -is  -probably"  d*ac''tcr'thc~  -'“  * 

iise  of  bojta  in  place  of  rivets  and  it  is  suggested  that  in  future, 
materials  shoiild’  be  tested  prcvisionall;'  in  riyeted  beams. - 

It  my  also  bo  concluded  from  Table  HI  that  ’where  rivets  are  used,- 
adhesives  arc  more  effective  in  darping  than  sheets,  partly  on  accovmt 
of  their-  ability  -fco  penctfate  :tother. 
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Appendix  I 


The  Effect  of  Interface.  Prossuro  on  Eampinp; 


Before  proceeding  Math  the  above  tests  on  damping  in  laminated 
Beams,  it  v«is  neoessai-y  to  obtain  seme  indication  of  the  variation  in 
damping  vdtl;  change  of  interface  pressure  at  the  points  of  contact  of 
two  surfaces. 

The  technique  on^loyed  was  that  of  measuring  the  applied  force  and 
amplitude  at  resonance  of  a  beam  made  of  tero  strips,  (described  in 
para.  4)  bolted  together  to  known  torque  loadings  with  the  aid  of  a 
spring-loaded  spanner. 

The  curves  obtained  are  shovm  in  Tig.  9  for  a  chainois  insert  and 
for  a  metal-to-motal  beam..  Both  curves  indicate  that  when  the  torque 
exceeds  1.0  in;lb.  the  damping  is  nearly  constant. 

No  attempt  has  been  made  to  mke  use  of  the  fidction  demping  near 
“the  peolc  of  the  curve,,  as  it  would  be  oonplicated  by.  its  deperidoheo 
upon  factors  rdiich  aro  difficult  tO' control  such  as  surface  finish  and 
humidity. 

The  change  of  resonance  frequerwy  v/hich  is  the  result  of  changes  in 
stiffness  and  daiij»ihg  is  also  shofm  ^aphicaliy. 
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In  ordor  to  ocmpare  the  damping  of  spot-v/olded  v/ith  riveted 
construction,  a  tubular  specimen  v;as  built  similar  to  that  described  in 
paragraph  2,  but  T/ith  spot-welds  replacing  the  rivets  and  tested  under 
identical  conditions. 

Prom  Sig.2,  it  vd.ll  bo  seen  that  the  damping  of  the  specimen 
tested  v/as  8C^  greater  than  the  riveted  specimen. 

It  has  been  suggested  that,  where  spot  ’/elding  is  used,  interrml 
friction  may  originate  at  the  boundary  of  the  migget  v/here  brittle 
cast  metal  is  in  contact  vdth  rolled  slicet. 
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Laiainated  Beam  I 


Insert 


Thickness  Frequency 
in.xl0^5  c.p.5. 


Damping  coefficient 


Critical  value  of  coefficient 
(Gi’aphical) 


Oerntex 


Grease 


Leather 


Canvass 

Pljavood 

Insulation  tape 
Plasticenq 
Durolac 
Bostik 


Dural 


Poly-iso-butclene 

Redux  v/eld  in  place 
of  bolts 

Pressure  sealing 
compound. 

Soluf^  10. 

(Applied  externally) 


0.037  -  o.m 


Hone  -  -  55.0  266  0.0084  0.010 

Poly-vinyl-cliloiado  (1'^'  diasn.  v/aghers)  O.OOOL4  ,  6.0  37.0  180  0.0124  0.0l6 
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T&blc  III 

Ocmparativo  Values  oi*  Bainping  Capacity 


Item 

Frequency 

Oap«  St 

Damping  coefficient 

Critical  value  of  coefficient 

• 

Bolted  Riveted 

Besim  2  -  No  insert 

36 

,0.0078  0.008 

P.I.B.  insert 

33.3 

0.028 

P.V.C.  insert 

37 

0.03  0.012 

Tube  -  No  insert 

36 

O.CO52 

P.I.B.  insert 

36 

0.0054 

P.V.C.  insert 

36 

0.0055 

Aircraft  -  Metal 

36 

0.018  -  0.03 

Bonded  wood 

36 

about  0,035 

construction 

r 

‘  Table  IV 


Laminated  Beam  2 

Effect  of  Interface  Pressure  on  Damning 


f 

ITeight 

lbs. 

Thick" 

ness 

in,  X 10 

Torque  in 
Spanner 

in.  •••lbs. 

Preq. 

Amp. 

at 

Vibi’ator 

Damping  coefficient 

Insert 

Critical  value  of  coefficient 

Chamois 

0.028 

18 

0.54 

43 

- j 

0t052  ; 

0.82 

79 

0.029 

1.(4 

79 

0.029 

- 

1.22 

83 

0.027 

None 

0.26 

29.5 

100 

1 

0.0226 

0.% 

30.2 

83 

0,0272 

0.82 

32.0 

210 

0.0107 

i _ 

...  -  -  - 

1.(4 

36.0 

227 

Ot  010  j 

f 

I 

i 
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FIGS,  i  &  2 
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nG.3.  EFFECT  OF  TEMPERATURE  ON  DAMPING  GAPAGITY 
&  NATURAL  FREQUENCY  OF  LAMINATED  BEAM 
WITH  RI  B.  INSERT. 


PAMRNG  CAPACITY  OF  A  NUMBER  OF  INSERTS  OF  VARYING  THICKNESS 


FIGS.  6  a? 


FIG.  6.  SECTION  THROUGH  LAMINATED  BEAM  TL 


FlG.t  detail  OF  SPECIMENS  FOR  TESTING 
STIFFNESS  ETC,  OF  BUTT  JOINTS. 


Cy®_  sbjs 

'  ’  FIGS  9a.  &  9b. 
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F!G.9a.  variation  OF  NATURAL  FREQUENCY  OF 
LAMINATED  BEAM  K  WITH 
TORQUE  LOADING  OF  BOLTS  . 
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